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A description is given of a nuclear magnetometer with 
automatic fine tuning. This device forms part of an automated 
system for magnetic measurements. The measuring was performed 
by remote control from a desk 40 m. from the magnet gap. The 
range of fields measured is 4 - 21 gauss and this is covered by 
means of plug-in coils. The frequency overlap within one sub-
range is up to 20725%. The transistor is a variable capacitor. 
The generating level is stabilized. The relative error of the 
device does not exceed 3.10-5 
1. Introduction 
The magnetometer's operation is based on the well-known 
phenomenon of nuclear magnetic resonance (1). Water to which ions 
of trivalent iron have been added is used as a sample.An induction 
coil containing the sample forms the field meter's probe. The coil 
is connected to the circuit of a self-excited oscillator. Due to 
the energy absorption which occurs when there is a nuclear magnetic 
resonance, the amplitude of the oscillations produced varies. This 
variation in amplitude is discriminated by means of an amplitude 
detector and represents the nuclear magnetic resonance (NMR) signal. 
To obtain a continuous succession of NMR signals, it is 
essential to modulate either the f frequency of the self-excited 
oscillator or the actual field being measured - B. With this 
magnetometer, the frequency of the oscillator is modulated. 
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Let the f frequency vary according to law 
(1) 
Here f0 is the self-excited oscillator's average frequency, 
m is the modulation index and 
is the modulation frequency. 
The NMR signal occurs at a point in time tp when the 
f frequency equals the resonant frequency fp. 






It can be seen from (3) and (4) that, when fine tuning is 
applied (f0 = f p ) , the NMR signals occur at identical intervals, 
equal to one half of the modulation period. When f 0 ≠ f p the NMR 
signals are grouped together in pairs either in the first or 
second half of the modulation period, according to the polarity 
of the frequency difference. 
With this type of NMR signal sequence and by using a phase 
discriminator, it is possible to obtain a DC voltage, the value 
and polarity of which are determined by the value and polarity of 
the frequency difference. 
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With this magnetometer, this voltage is used to tune the 
frequency of the self-excited oscillator accurately and automatically 
to the resonance frequency. Three D811 diodes connected in series 
are used as a controlled capacitance in the self-excited oscillator's 
circuit. When the voltage at the diodes is varied from 0 to 30 V 
their capacitance varies roughly from 60 to 20 picofarad. Allowing 
for parasitic capacitances, this gives a 1.2 - 1.3 frequency overlap 
when the circuit's Q factor is satisfactory. The frequency is 
modulated by feeding a sinusoidal voltage of 50 Hz frequency to the 
circuit diode-capacitor. 
The self-excited oscillator must operate within a range where 
the amplitude of the oscillations produced depends to a very large 
extent on the circuit's Q-factor, i.e. near the oscillation cut-off 
threshold. The amplitude of these oscillations is approximately 
0.2 ÷ 0.3 V and is kept within these limits by an automatic level 
adjustment system. 
The magnetometer is a component of a system for magnetic 
measurements (2,3). The resonant frequency is measured by a  
Ch 3-4 electronic frequency meter and is processed by the TsPM-1 
digital print-out machine together with the measurement point 
co-ordinates. 
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II Description of the Circuit 
1· The self-excited oscillator and the pre-amplifier 
The main circuit of the self-excited oscillator and 
preamplifier is shown in fig.1. The high-frequency oscillator is 
a two-stage amplifier with an oscillatory circuit in the grid circuit 
of the first stage (L1). The coupling elements are the total 
resistance R5 in the cathode circuit and the G3 capacitor. The 
anode of the first stage has high-frequency earthing, and this 
reduces the initial capacitance. The direct current behaviour of 
valve L1 and hence the level of high-frequency oscillations are 
determined by resistances R5 and R6 in the cathode circuit and by 
the control voltage fed to the grid of the self-excited oscillator's 
first and second stages. The oscillation level is maintained and 
adjusted by remote control. 
The circuit's capacitance consists of a C5 "stretching" 
capacitor and D3811 diodes. The voltage from the automatic frequency 
control amplifier and the sinusoidal modulation voltage are fed 
through resistance R4 to the compound diode's cathode. The anode 
receives the direct-current voltage which is used to tune the 
oscillator manually. 
A high-frequency oscillation is detected by a D105 silicon 
diode, then it passes to the direct-current voltage pre-amplifier 
and is transmitted via the cathode follower (L2) to the display and 
control unit. The voltage at the cathode follower's output is 
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c o m p o s e d o f a c o n s t a n t c o m p o n e n t , p r o p o r t i o n a l t o t h e o s c i l l a t i o n 
l e v e l , a n d t h e N M R s i g n a l . 
T h e f i l a m e n t c i r c u i t s o f v a l v e s L 1 a n d L 2 a r e f e d b y a 
r e c t i f i e d a n d s t a b i l i z e d v o l t a g e . T h e p o w e r u n i t ' s g e n e r a l c i r c u i t 
i s s h o w n i n Fig.3. 
T h e s e l f - e x c i t e d o s c i l l a t o r a n d t h e p r e a m p l i f i e r f o r m a n 
e x t e n s i o n u n i t w h i c h i s c o n n e c t e d t o t h e d i s p l a y u n i t b y a 4 0 m 
c a b l e . A s t h e c i r c u i t c o i l c o n t a i n i n g t h e s a m p l e c a n n o t b e p l a c e d 
v e r y f a r f r o m t h e s e l f - e x c i t e d o s c i l l a t o r , t h e l a t t e r m u s t o p e r a t e 
d i r e c t l y w i t h i n t h e m a g n e t i c f i e l d . T h e v a l v e s m u s t h a v e p l a n a r 
e l e c t r o d e s w i t h s m a l l i n t e r e l e c t r o d e g a p s a n d t h e y m u s t b e p l a c e d 
i n s u c h a w a y t h a t t h e p l a n e o f t h e e l e c t r o d e s i s p e r p e n d i c u l a r t o 
t h e f i e l d d i r e c t i o n ( 4 ) . T h e m o s t s u i t a b l e v a l v e f o r t h i s p u r p o s e 
i s t h e 6 N I 6 B m i n i a t u r e t y p e . 
2 . D i s p l a y a n d c o n t r o l u n i t 
T h e d i s p l a y a n d c o n t r o l u n i t ( F i g . 2 ) c o m p r i s e s : -
a n N M R s i g n a l a m p l i f i e r ( L 1 , L 2 , L 3 ) w i t h a n o u t p u t t o a c a t h o d e ¬ 
r a y t u b e : a d i r e c t - c u r r e n t v o l t a g e a m p l i f i e r i n t h e c h a n n e l f o r 
a u t o m a t i c o s c i l l a t i o n l e v e l a d j u s t m e n t ( L 5 ) ; a n a m u l i t u d e l i m i t e r 
( L 4 ) ; a p h a s e d i s c r i m i n a t o r ( T p l ) a n d a d i r e c t - c u r r e n t v o l t a g e 
amplifier (L8. L9) in the automatic frequency fine-tuning channel; 
a horizontal deflection amplifier (L 7) in the display channel; 
a selective amplifier (l 5) and a. phase-shifter (L 6) providing the 
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essential value and phase for the reference sinusoidal voltage with 50 H z frequency. 
It should be noted that the frequency modulation of the self-excited 
oscillator is accompanied by a considerable parasitic 
amplitude modulation. Consequently, the output from the preamplifier 
includes not only the NMR signal but also a sinusoidal voltage with 
a modulation frequency whose amplitude is 5-6 times greater than 
the signal's amplitude. With subsequent amplification, this voltage 
is filtered out by means of a C26 - R52 differentiating circuit 
and a double T-shaped bridge tuned to 50 Hz. The NMR signal from 
the anode of valve L2 enters the amplitude limiter where its amplitude 
is standardized. The lower limiting level is set above the noise 
level by potentiometers R73 and R81. The width of the "aperture" is 
determined by divider R79 - R80. The shaped pulse is gated to the 
phase discriminator through transformer T2. The reference sinusoidal 
voltage with a frequency of 50Hz passes to the phase discriminator 
via transformer T1. The output voltage passes from the phase 
discriminator through integrating circuit R37 - C21 to the input of 
the direct-current amplifier (L8) and then through the cathode 
follower (L9) to the circuit capacitor of the self-excited oscillator. 
In addition, the modulation voltage from resistance R15 also enters 
the control grid of this cathode follower. The magnetometer is 
tuned manually by means of the R48 potentiometer. 
The grid voltage is used to obtain sinusoidal modulation of the 
self-excited oscillator's frequency, horizontal scanning and a 
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reference voltage for the phase discriminator. To reduce the 
harmonic factor of the grid voltage curve, this voltage is fed to 
the selective amplifier (a rheostat amplifier stage with negative 
feedback through a double T-shaped bridge, whose resonant frequency-
is 50 H z ) . 
3. Static characteristic of the AFC system and an estimate of 
the magnetometer's accuracy. 
When the difference between the oscillator's frequency and 
the resonant frequency is due to negative feedback, a reversed 
polarity disturbance occurs causing a frequency variation of , 
so that the resultant frequency difference equals 
(5) 
The frequency difference affects the phase discriminator. The 
voltage at the phase discriminator will have the form 
(6) 
Amplified Ky times by the direct-current amplifier, this voltage 
affects the self-excited oscillator's tuning frequency. When there 
is no disturbance, the auto-oscillation frequency is determined by 
the initial voltage at the U0 diode. When there is a disturbance, 
an additional voltage K yU g(Δf) is applied to the diodes. In this 
case the frequency variation will be 
(7) 
By substituting this expression into (5) and relating it to we obtain 
(8) 
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The dependence of the self-excited oscillator's frequency on the 
voltage at the controlled capacitor is determined in the following 
way. As is known, the diode's capacitance for a negative bias is 
(9) 
Here C0 is the diode's initial capacitance when U = 0, is the 
contact potential and . If a buffer capacitance Cp is 
connected in series with the diode and a circuit capacitance Cm 
is connected in parallel with the circuit, then 
(10) 
And the circuit's resonant frequency is 
Here (11) 
When U = U m a x , the frequency overlap is 
(12) 
If the time constant of the phase discriminator's discharage 
circuit is much greater than the modulation period and its arms 
are symmetrical, then 
(13) 
1. = init. 
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B y s u b s t i t u t i n g t h e v a l u e f r o m ( 3 ) i n t o ( 1 3 ) , w o o b t a i n 
( 1 4 ) 
Here Uref is the amplitude of the phase discriminator's reference 
voltage. It is essential to note that the amplitude of the NMR  
s i g n a l f e d t o t h e p h a s e d i s c r i m i n a t o r s h o u l d b e g r e a t e r t h a n U r e f . 
W e s h a l l n o w d e t e r m i n e t h e A F C s y s t e m ' s m a x i m u m e r r o r . 
F o r t h i s w e s h a l l a s s u m e t h a t U0 = Ο a n d U = Umax = 3 0 V . 
F u r t h e r m o r e = 2 . 4 V ( f o r t h r e e d i o d e s c o n n e c t e d i n s e r i e s ) , 
Co = 60 p i c o f a r a d , Cp = 4 3 p i c o f a r a d , CM = 1 3 . 5 p i c o f a r a d 
( d e t e r m i n e d b y e x p e r i m e n t ) Κ y = 1 0 0 , Uref = 1 5 V a n d m = 1 0 - 3 . 
When U0 = 0 and U = Umax formula (8) will have the form 
(8*) 
From (12) we find the frequency overlap kf = 1.23. Then 
= 0 . 2 3 . T h e v o l t a g e a t t h e p h a s e d i s c r i m i n a t o r ' s o u t p u t 
w i l l b e Ug = Umax a n d f r o m ( 1 4 ) 
Ky 
Thus, with a 23% variation in field the AFC system ensures tuning 
of the magnetometer to 0.001% accuracy. 
* = ref. 
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When measuring the mean frequency f0 of a frequenoy-modulated 
oscillation by means of the electronic frequency meter, an error 
may occur if the ratio of the measuring time to the modulation 
period is not a whole number. In the worst case this error equals 
(15) 
is the ratio of the measuring time Τu to the modulation 
period T. If Τu = 1 sec. and Τ = 20 millisec., then when m = 10-3 
It is possible to position a null phase discriminator so accurately that the relative frequency difference is also of the order of 10 - 5 . 
Hence the accuracy rating of this magnetometer is no worse 
than 3.10-5. 
This magnetometer was constructed in 1963 and has proved 
itself extremely convenient and reliable during operations. 
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